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^ cf^^J-^ ^*^-§- ^€<=H1 ^tb ^^1 ^l-^-^l^i ^"^51 

^^l^H ^^l^Jl, 2)1 ti. el -311^ eflol;^-! ^o]^ 

^gfl s^^ol j7^^^ 3iilu.el-3Jii^ 21]<^1^121 oi7> ^Sf-o.s.M| 

M« ^S^^tbi^f. ^>i4^ tim^4^^ ^;^> el-^E^* i 

^^tl: ^, i^iM^ ul^V-a^^ 1=1-^^ 3Jil-a.sl-3B|l^ 2llol^-l cfol^c 

cf. ol nfl, zl- 3iilw.el-3z)l^ eflol^-l cl-ol^^oi #^3x).^J-^ -^sfcfl^^ S^^> 

^ ^^711 ^ o;^t:l-. ole^tb ^^^^^ ^ ^^^1 #^ s|-^^7> wlJiial 

^^l^^o] ^^*}Bl, S|-^V ;5llol7> -§-ol^ :^^ol oj^cl-. 
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^-^^J"^ ^-f-^^ {A low-cost WDM source with an incoherent light injected 

Fabry-Perot semiconductor laser diode} 

£ 1 ^tiV^oi 4:^V«^ % 

£ 2a ^ £ 2b^ ^ ^^21 ^Ajc^lo)! ^'a^ wl^^^^ ^<>fl 

£ 4a ^ £ 4b^ ^ ^^1<^H1 '=>l-§-t!: 4^-^^ % 7><y ^V^oHl a-] 

-a-^ ^Jl 

S. 6^ ^ojo] ^i-Bflo)]^-! 3|lti.e1-3s|l^ efloi^-1 cfoj^jE.^ ^ 

^uil- al^'^^^ 
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s. 12^ M-Ef^ s."^ 

TX : ^^7] RX : ^^7] 

MUX : cf^ 51-71 DMUX : <^tq-^5l-7l 

ILS : til^^A^ ^-SC Incoherent Light Source) 

TF : 7}^ ^^E^ (Tunable Filter) 

CIR : ^i^ellolB] (Circulator) 

Pol : ^^7l (Polarizer) 

PC : ^H^l (Polarization Controller) 

F-P LD : i=fol^= (Fabry-Perot Laser Diode) 

BPF : tfl^-i-oil- ^E-KBand Pass Filter) 

WGR : S.3^S. ^y^} 2^-4-^-1 (Waveguide Grating Router) 



^ 2}-^^^ (Wavelength Division Multiplexing) ^^-^-g- 
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^^6\] ^±S., ^(incoherent light)<^l ^ 

iJ|lti.e]-3Jll^ eflol^-] 4ol^=(F-p LD : Fabry-Perot laser diode)* sj-^^ 

<25> ^ ^Vtg^ ^7]^ ^-S* -§-*}• ^^^J-^ ^ ^ 

%7><y;^]-°J-(passive optical network)<^l ^o]7]s. 3r>cf. 

(metropolitan network)^]- 7><y y^V'^J-Caccess network)<^l£ ^^^^^ % ^ 



<27> ^tiV^o] % €^ ^J-^lfe £ 1^ ^<^1 ^-^^^Cf. 

<28> ^Aic^-o]]^ ^^^^ ^^S.Ui~ ^^7l(TX: 

transmit ter)l-ji}- ^^71^1 %^ i^^f'sl-^l-^ ^>u|-^ Nxicf^5l-7l (MUX)7> 

^S^Bl ^7l^oi A]:^^ 7l]^3s>^ N7fl2] ^Ai7l(RX: receiver)*^! ^^l^^f. 

^ ^^^^ t!: 7>^21 :t^j-B-^ <?^^s1^t-ll, 7le|7> ^ ^^^7l# A]-g-^> 
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<29> olei^ cf^l}-^ % ^^H1>^i '^^t}^ ^ 

^c>|<^> ^\1L, ^fl^^l-o] o. j^^g,. o]^ -g^c ^;H1^(SMSR: side 

mode suppression ratio)^^! ^<^> t!:^-. ^^tb tfl .^^t)]* ^^^]-7l 

#^ 2^-^^7> e>ji, A^y-AV <:g^^ sldlisl- ^>7l ^^(line width) ^o].o> 

<30> oje^^ ^^^>^ ^^o.^^ eflol^-] cl-ol^=(DFB LD: 

distributed feedback laser diode)7> ^S. A^\A 

<3i> 4^1-2-:^(LED: Light Emitting Diode), 3.^^ cfc,l^:^(SLD: 

super- luminescent diode) ubIji ^^-R- ^^7]^ ^>'?i«j-#^* ^^l-S-?!- a]:^'^^^ ^% 
:±i^E^ol nfl^cH] i^E^ ^^(spectrum slicing) O-S A>-g-^ ^ ^ 

s:>^m, LED^ cf^^l ^fl^# ^^^]-7loll^ %:%^$^\7\ ^ 

^3.^, 3,^% ^^3\.^J^y]. yy^o] W] ^ Ol^^ 

W^7l ^^^^ #^ nfl-o 3. ^ojul- ^^o^ S>1«- ^^711- 

^^1^, 7fl2l a.:E.7|- ^A]ofl ^^*>ji 2.:^ ^^(mode hopping)^ S.:^ 

(mode partition) ^^^] ^ ^^^.^]7} ^]:^^] tr)-e)- €-S-2^>^ 9X 

cf. ^^^o] o<?l trfl^ollAi ^1^^ 1=1-^ (time division 
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multiplexing) ^ ^^1«1] A>-g-5)ol ^o_x^, sj-^^^ i^^l^^ ^ ^^1 



<33> ^i^o^ ^a^o. 5z|.;a-«^ t^^yj-^ W^<^1 ^>-g-5l^ ^ 

<34> ^ ^ ^^^^ ^l-g-tb Cf#«c^-^ ^ 

7-1 t^ol^^s^ ^j-^s^ €^^H ;^Hl^l-7fl^ sF^d-^^ 4^«d-<^i % ^ 

^^tv 2l-^^<^l ^^^^^ i=f^«c}-^ ^ ^j-^Hl ^V-g-^ ^ SI^ 
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<36> o]^>, ^^^^o. ^V3,^].o^ ^ ^tgo^ w>^aj*V ^M1^>711 ^^t!-^-. 

<37> £ 2a^ ^ 'a ^aH1<^1 h)-^ ^^<^l^i til:?>>^^^^ :toil ^7J^ 

5fl«=l^i cfoj-^.^ al^^^^^ ^€(ILS); ^7] 

^^BjCTF : tunable band-pass filter); ^11 W-el-^Jll^ ^<^]^ ^-^l^JE-CF-P 
LD); ^7] 7}^ ^^bKtf)s^ ^^-ir n^^-n^ ^ll^l^-l 4^1-2-:^(F-P LD)o11 ^^e>Ji, 
^7] n^^-^]^ eflol^i 4<^1^^(F-P LD)S.^El #^^>^ ^il-eflolBi 

(CIR); ^ ^^^^ i^H] (extinct ion ratio)!- 7fl^3:>7l ^^><^ ^7] A^l-eflo] 

Ei(CIR)s] <a^£lfe ^^7l(Pol)2l- >H^efloiEi(ciR)sl- 3fil ^]]o] 

z}o]Sl^(P-P lD) A>o]oil o^^Sl^ ^1*^71 (PC)S. 

<38> wl^^^^ ^-^(ILS)^^^ «j-#^(ASE : amplified spontaneous emission)^ 

#^*>^ ^^^-8- ^#7l, LED, t^o]SL^ o]-g.^ ^ oJj7, 3Jilti.el-lJll 

* q.ol^:E.(F-P LD)^ ^^^] ^^^(isolator)<5l ^«^'^> tb^. 

<39> ^ ^^loflofl nq.^ j^^l- ^cf. 

<4o> tij^A^A^ ^^(iLS)^ %n ^ ^4 ^^^^ ^^w^]^]^HclRm 7] 

efloi^-l cfoi^H.(F-P LD)^ t^^^ ^-?-«llAi cfl« 

^1 (suppress ion) 5) ji, ^^^oflx-l ^<y^ sj-^o] <a^l^>^ ^^^^ W^^^. i^e^-^i 
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(F-P LD)<^1 ^■11-efl<^lBKCIR)^ >\M #^€4. 

<41> olnfl ^^o:^ ^^51^ ^1^^^^^ ^(ILS)^! 'a^l^rj-JDS 

^eKTF)^ ufl^ S^^><:>^ ^Ic^l^ ^ ^cf. 

<42> 3llti.e:i-3Eil^ eflo]^-] cfo]^H.(F-P LD)<H1 '?l7>£]^ Aj^lig ^il-eflolEi 

(CIR)S ^ ^tb^. ^, um^^^^ ^(ILS)ol ^^g^ 2)l«.Bl-3l]^ Eflo] 

trl-'^l-^-^CF-P LD)«>11 w>o]oli ^^^1 ^7H1-^ 3fil«.s1-3ll^ ^]<^]^] cfolj$.j= 

(F-P LD)S.^Ei 7>^ M^o] tiV^, <a7>5l^ ti>ol<^l>, ^^7> 3}- 

^ ^1^1-), 3s|itie:i-3?ii^ cfoi^^cp-p ld)^ ^Ji, 

^cg^ ^ ^ o^a-n>o-| a]:A>S)ol o] e:| *V ^a^# oj-g-^Vo^ ifllti. 

T=f<^l^=(F-P LD)^ ti>ol<>l>; ^^-9 ^S^H ^SCdirect 
modulation)^ ^^^1- ^ 91^. 

^^^^^ ^le-^tl: ^^^^ <^l-§-^}-^ ^l<H7l(PC)5+ 

7l(Pol)l- ^wl^H ^t^wll- ^ ^rf. ^, elloi>^-l 

t:fol^£<Hl o]>a-5^ ti>olol>, 017].^ ^lol7l(PC)» 2:€^> 

<44> ^ ^Ai<^io^ tij^VA^A^ ^(ILS)21 ^-^3]- 3Jilu.el-2il^ eflo]>c-l 

cfolii:^(p_p LD)S.-^B1 ^^^^ ^^Hl ^>7l 

(CIR)# A>-g-^>^cf. ^V^]!?]:, Ai^5ilo]E-l(CIR)» ^i^t!" ^ 3|-^^^^7l (optical power 
coupler)^ cfl^l^K-le^-i m^^-i- 7>^ ^ 9X^. 
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<45> 



w^-§- ^ ^4. 

<5i> ^^o] til^^A^ ^^(ILS); ^1-71 ^^(ILS)^ t:fl^ -f-oq- ^ 

E^(BandPass Piter : BPF)<^1 ^^*>J1, cfl^ ^^](BPF)^]^j # 

^^>^ ^ll-efl^lEKCIR); 1-511 clEl(CIR)oll ^d^slcH wl:^A^A^ ^^(ILS)^ 

IxN S.^S. 2l-fBl(WGR : waveguide grating router)^ FSRCFree Spectral 

Range) ^S. :^]^t}^ -^4 ^E-I(BPF); ^7] ^Bi(BPF)s1 

^^1- 5}-^Bl(WGR); ^1-71 ixN :£3i)-s. et-^Bl(WGR)^ ^ ^ofl ^^£l<H £ 
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S^S. ^Jif cfl^ui}- ^'U^ Al^ #^sr>^ N7ll^ 5llti.s^-2ll 

^ eflol^i tq-ol^:c(p_p LD); 7fl'a^l-7l ^^Vo^ a-^^ 

5llc»lB^(CIR)S] #^^o11 <d^5l^ ^^7l(Pol)^ IxN 5]-^EKWGR)S1- N 

^^^^ ^^71. LED, H^JL 2:^^ Cfo]^^ C,]^^ ^ N7flS] 511 

<53> zi&lJl, ^Al<^l<HlA-l cfl^ ^sj. :gE-l(BPF)^ e)-fEKWGR)S 

^ FSR ;*ims:>7l A>^^4. ic}-e}A-1, ^(ILS)<^1 IxN ^^S. 

2l-^Ei(WGR)Sl FSR ^S. cfl^^o] ^^ItVsl^ ^>-g-l- ^^7> ^t^. 

<54> ^7l cfl^ ^El(BPF)» til^-a^^ ^(ILS)^ ^il-£fl<^lEKCIR)5l A> 

'^I'Hl ^£ <=>] ^'^^^ €Ei^ ^<a^^<Hl ^^^^ 

Ei(WGR)^ FSR^^l^l^ ^1^11: ^ ^^^o] o;)!:]-. 



<55> 2l-^V^§ ^^Jll- #^^>^ ^ ^^l<^l<^l^i ^^^^^ Cf^^ ^ 
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^^(spectrum splicing)^4. ^^^^ ^^^J"* cfl^o] 

wl^^^^ ^(ILS)ol £2}-^ el-fBl(WGR)^ ^ #^ ^;^H1 N7l]5^ 

<57> a]^^^^^ ^(ILS)ol ^'a^ 4^, 3Jilti.e:i-3il^ eflojx-l ^ol^j^CF-p LD)^ 

^^^^^ -^^t!: ^ sl-^Bl(WGR)^ ^^l- cfl^ sl-^a-ail- <a^l§> 

^^V el-fEl(WGR)^ ^ ^, ^il-Bll^lBKCIR)!- 7]^ 

^a^^?!: ^fl^ ^>^^ ^^1^ ^11 m %:% A^^-^ ^^Hl A'^^^ ^ SXA. 

<58> 2\ 3ily.s^-3il^ eflojy^i cfoi^jE.(F-P LD)<^1 ^7>e1^ ^^1- ^S^V^S, N7ll^ 
311^.2^-51]^ ^o]^ x:)^o]^B.{¥-? LD)^ ^^^^S. ^ Si-^H-S 4 

^ sl-^J-* ^^Jll- ^5^^^ ^ ^1=1-. a, zl- 5ilti.sl-5|l^ sllol^^ c1-<^l^ = 

(F-P LD)1-^1 N7ll^ ^^;Hlol7l(PC)fif ^il-efl<^lEi(CIR) #^^<Hl <S^^ 

^^7l(Pol)l- ol-g-^>c^ %^^sl :li%wll- 711^^ ^ Slnf. 

51 £51-^ ^^Vl- >^l-g-*><^<=>> ^ ^^Hl<^l^i^ ^l-M-^ ^^1-1- ^^51^ til 

^^^^^ %^ y-^oll. ^^ AlJiol Cf^sl-ol] ^aHi A>-g.^O.^>^l O^^ol e^O.^^ 
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<60> 



, *>M-^ wl^^^^ ^^(ILS), ^>M-^ 1-511 <5lBi(ILS). ^ ^l-M-^ ^^7l(Pol) 



<61> 



<62> 



<63> 



^7><ay^]-T?}-(passive optical network)^! ^-g-^ ^-f . ^1^^^^ ^^^l- el-r-^H , 



S. 4a^ ^ ^^^^ '^l-g-^V'^ ^-^^ ^ 7l-<a^>nj-^ ^>*J=(upstream) ^S. ^ 

^1^ 7]^1^, n^jL 7><a^>^f(0NU : Optical Network Unit) «fl ^^l^Tfl ^cf. 

■^71 f^<y-7l^l^^ wl^A^A^ ^^(ILS); al^^^^^ ^-^^ ^1^ 7lxl^ 

A^^5floiBl(CIR); ^7l ^ileflolEKCIR)^ ^i=f^5}-*>^ ^;^> 

el-^El(WGR) ^ Cf^7fl^ ^^7l(RX)l- i^3:>^, 
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?!-^, n^^^ ^7><a^> ^j-ollA^^ ^^lal^l 7]^]^o\] 

^ofl rcl-Bl- ^-^^VTfl ^Cf. IXj-Bl-A^ ^-^^ 7><i]^>nJ-o1lA-l^ #^71^1 #^ S)-^ ^]0]7} ^ 



^ISitb ^ 7l-<a;^>nj- -g-g-oll 9X<=^^^, 7]^]^^ 7}<U^}^ ^}^]^]^^ 

# ^-f , H]^^^^^ ^]'U^]<'] ^-a-^CRayleigh back scattering) 

^^1 #<^<^ 7l^l^o1lA-1 ^^<H1 ^7>2lol Al^o^ ^51-1- 2:Efl^ 7}^>^^ o] olcf. 
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<72> o]^ «o>^1*]-7l ^ ^^^S] ^^4: ol-g-^ :f 7>^;^>'?}-2] A]^ ^ 

^^1^1^ £ 4bsq- 

<73> S.T^'^l^i M.^^'], ^il-5ll'=>lBl(CIR)# ^1-^ 71^1^0)1 A^^lsrH Wj^^^^^ 

<74> ^, ^ ^Ajc^jSl % 7pg^V^J-^ ^<y- 7lxl^, 71^1^ ^ Cf^o^ 7><y 

<75> ^<=>^7]^]^^ til^^^^^ ^^(ILS); ^7l 7]:^]^o\]X] <a^3£)^ ^^Jll- 

<76> ^1-71 71^1^^ ^7] ^'y- 7l^l^o11 <g^^ tij^A^A^ 

^ IxN ^7]- Hl-^B1(WGR)<^1 S!^*>^, IxN ^^-S. ^7} sf^B] (WGR)<^1>H 

#^^1-^ ^^#£fl^lB.KCIR)5q- ^7] ^^^eflolBKCIR)<^l^i ti] 

7] Ai^eflo]Bl(CIR)oll ^^^V^ IxN £45. el-fBKWGR)* Sf-^H , 
<77> ^1-71 c]-^^ 7>^^>^^ z^-z]- >^V7l 7l;^l^^ ixN Ssl-s. s}^E-l(WGR)^ 

<78> s. 4a5q- £ 4b<^lA-lH 2^2]- A^l-eilclEKCIR)» ^ ^^7lS cfl^]^ ^ ojcf. 
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^7] X]^ 7]^]^<^] ^d^]^^ ^7] IxN ^7.} ef-^E^Sl- 7} 

•HI ^A^]^^ N7fl5l ;^l<H7ll- i^^H 7fl^^ ^ 



M-El-^ ^olcf. 

<8i> ti]^^^^ %%^S. ol-g-^ :g-^s.7io^ ^].c^ «j-#^(ASE)^ 9 nm^ tfl^^* 7} 

^ cfl^ ^a!|- ^eKBPF)^ 7]^ 0.4 nm^ ^fl^ 7>^ 1x8 iESJ-S. e}-^E-1 

(WGR)S. ^7c> e1-fB](WGR)2l FSR ^ 3 dB cfl^^^ 26 nm^ 0.24 

M-^ ^1-^ ^^^^] £2}-^ 2l-fBl(WGR)^ ^-l^eflolEKCIR) 

1-71^ 3llti.el-3ll^ sflol^-] c}ol^:c(F-p LD)^ ^^sl^cfl. S.^-^ ^7^> 2l-^EKWGR) 

^ #^^^>^ ^■11-511'^lEKCIR) AHofl <g^^ W#7l(AMP)S|- ^7>^ ^^7l(Att.)^ 

^1^7l(PC)5il- 47 dB^ 7>^ ^^^-B-(PZF : Polarizing 

Fiber)^ ^^^^ 7fl^*>7l A>-g-jE)5Jcf. 3i}-^qi- 

7] ^t}c^ 3^^] ^]B\<.PM : Power Memer)!- Al-g-^>5| , i\]o]x^ Trfoj^c 

(F-P LD)^ ^S* ^^^57] (pattern generator)* ^l-g-^V^cf. 

<82> ^^oi] A>-g-^ ^]o]7;\ cq.ol^:c(p_p LD)^ ^^^^ ^£ ^1^ ^^^17> 

ai^i^, ^^^^^ 20 mAolcf. SE, jL^Cccupling ef f iciency)-i^ll b)] 
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<83> ^}o^ «J-#^(ASE)ol ^<a£l7l JJllti. 2^-5111^ ^]o]7.] cfol^^CF-p LD)^ #^ 

:^(F-P LD)^ :£ 6^ (a)2^- c^e^ 7fl^ 3.^^: %^^JL, # #^ ^^^fe ^ 

-10 dBm'ilt:!-. <^s1 7fl^ #^^>7l nfl^ofl H-JE. ^^^l^CSMSR)^ 6 

dB ols^Volc^-. ol Tt|) :e 6^ (b)^l M-Bl-'a ^ 1551.72 nm^ §^ 

tfl^o^ ;^><a aj-^:^(ASE)^ 2)1 -3*11^ Eflo]^^ cfo]^jE.(F-P LD)S. ^*?^^>^. 
^><a«ol-#^(ASE)Sl st-^Vi:fl^5i)- <a^l^>xl cf^ SJB-i-^ S.-^ 

<84> £ 7^ ^i-o^ 1}-#^(ASE) ^, ^il-ellolE^(CIR) #^^<^lAi ^^^^ ^.e^-jji] 

<85> -^^eflolEKCIR)^ #^^4 ^^^]ol7l A>oloilA-l ^^gs]^ 

(ASE)5l 3f^:i7> ^ - 2 dBm^ £ 7^1 (a)5q- ^o] o]^ h.^ o^^]^^ ot 25 dBS 

#7>t!:i=f. ^]o]z] t:fo]iJ.= (F-p LD)^ Jl^^ -wIl-eflolE^^ ^o^. 

-^^ ^3l^ 2)1^.5:) -31)1^ ^]o]7:\ cfol^^CF-p LD)<H1 ^'iJsl^ 

<y ^V-a «J-#^(ASE)sl ^l-eflolE^o^ #^^51)- ^^;^l<H7l A>oloi]Ai ^^s]^ ^ 

-13 dB7l- 2|-cf. -Hl-eflolEiS] #^^3]- ^^^l^H^l A>oloi]A^ a.^^ ;^>o^ 
«c^#^(ASE)2l 4^^!- + 2 dBm^ ^7>Al7l^ £ 7^1 (b)i4 ^<=>] 91^ S.^ <^^]^ 
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27.3 dB^ ^7l-t!:cf. o]^ s.B. '^^]^^ ^^^^^ cf^^J-^ ^-^^'^l ^\'%-^}7] 

<86> ^fo^ «o^#^(ASE)^ 3^^^^] 91^ 3.^ -^^l^^: 5llti.sl-5|l^ ellol^-l 

4*^l-$-^(F-P LD)<^1 <?l7l-£]^ ia]-olol>, ^^^iS. £ 8<^1 M-B)-uB5^cf. 

'^^tt ^71- ^^<^]^] ^^S.:^ ^'^^s]^ ;^>c3 «J-#^(ASE)^ s}.^^7> ^7>^4^^ 

^7>*Vcf. ti>^, ^^S]^ «J-#^(ASE)^ 2l-^l7> ^7>5l^ ti]-olcH>, 

si JL^* ^^l^S €^>^ 2.:^ :e.^^|-7i %^ ^f^^] 

<87> ^ ^i^oll ^^j* ^^^^]-7l ^tfl ^^gsl^ ^1-^ «o^#^2l Sj-^^l- 

^ ^^7> 30 mA^ 0 mk9l ^-f ^ #^ :£ 9<^1 uj-Eftfl^cf. h>o1o1>, 

^^7}- ojsf ^o] ^^o]] ici-e^. 3i)lti.5:i-3E)l^ eflo];^-] c^oli^:c(F-p LD) #^^1 ^a] 
oflA^ vr|.^^ ^><^1^ 5.8 dB7> ^c]-. 

<88> sldl «H*H^ Wl-olc>lr^i ^^(0 mAoll Jl^)<^l^i^ %^ ^^S^2l ^ 

4]sl-;a-oi]A-lo^ s)-^-] ^>ol^ (extinct ion ratio)S ^^^>^, £ 10^ ^il 

^]o]7;\ cfol^=(F-p LD)^ ^^^51^ ^l'^ ^^]^] <?! 71-51^ ^ 
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'^^^'a ^^l-£(reflectivity)^ ^ 4 %<>M. ^'^51^ ^><a «J-#^(ASE)5l sl-^:|7> <U 
wHo^i ^^7> ^7>*^^ ^7}^^. o]^^ Wj-olo^^^, ^ = 

%^ ^^1^1-^, ^^^-frS. eflo]^^ c^-ol^co^ ^7> 

^^V'S ^ ^^<^1 ^^^^ 7fl>Jd^ ^ ^4. 

<90> ^ ^tgofl 4=. :^^o^ €^^1^7l(PC)^ ^^7l-^ % 

^^-^(PZF)-l- 711^^ ^ 9X^n, S. 11^ £ m ^'U^ S^ofl^i 

i^m^* M-E^-^flcf. :S%7l(PZF)fi^- ^^^1^71 (PC)# A>-g-^>^, ^^al^ 5 3 clB<^] 
8.3 dBS. 2.5 dB^£ ^7>t}:i=f. ^ 4^ ^"^^ s^o]] 2}- 

^ ^]o]^^ cfol^^(F-P LD) ^'a^ 



<91> 



Eljolx^ 4.ol^:^(F-p LD)^ 155 Uh/sS. ^^tb ^, '^St^'?! ^ 
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^^-^(SMF : Standard Single mode Fiber -i-^ ^, PIN i£ ^^-^l^ 

^M: ^, HlMj$.#(BER:bit error rate)* £ 12o11 i-fEftflSJcf. sfl 

^o]SLB.iF-P LD)oll ol7l-£l^ ^^^i^^ iil^^^^ -^"^^l-Tfl 20 mAolcf. ^ 
E}^.^ ^cfl i3>olol>^ 30 mAo]jL, \i}o]o]^ 10 mAo]r]., 

(pattern generator )-!■ '^l-§-*>'^ 5|lti.Bl-3ll^ eflol^-] 4o]^=(f-P LD)-!- ^^s:>c^ 
^^tl: ^#7loflA-1 ^^^^ «]E £ 12 (a)oii q-El-ifl^ 

t^. °1 ^*^Sl7> ^7^]-^ ^Al7l ^1^E^7> ^^§1 ^7HM ^^715^71- 20 

km<a ^-f , 10-9tilE ^^ol]A-1 ^Al7l ^£ 5)1^E^7]- 2 dB^^m. O]^^ ^X\y] 7^^. 
5^0^ Hi 71- ^7}^}^ ol-o-^ 511 ol^^ 4^1 -^^(F-P LD)7l- <^Z] 3L^d\] 

^^^^>:5.^ ^^^^] ^S. n^o] ^^71 Si ^7H1 ^^^1 #7Hl-7l nfl^ 



t:l-*o.^ ^Ei^* -i-^ 3llti.Sl-3ill^ Bflo];^-! c^ol^:^(F-P LD) ^ 3:>M-o] s. 

= ^ ^^srH Sl-^^^ xq-^^o^^ % ^V^l^l ^^o.^ A>-g-^ ^ 01^7]. w.^ 

"?1^>^T^. ^1» ^«fl £ SSil- ^o] ^^^^1- ^tb ^o] ^cl-^^71 

1- ^th ^<^l£ 10-3 oler>S <^l&|#ol ^$0:3., ^t^^^7](mm)^ ^^ 

^^Hl ^^mo] 71^ ul^tF ^41- M-Hl-ifl^cf. o]^^ s.^ 2.:= «^ ^ 

>a-<^l o^^fl S.^^ S}-^q7> Wl-olo^^^ ^^l^o] ^^^-7] nfl^olcl-. 
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s}-:^-^ z^-z^ 1 dBm:i4 1551.72 imo]JL, 7fl^^}-7l 7] (PO^il- 

^^^-n-(PZF)# A>-g-^>^4. o] :£ 12^ (b)oil q-El-ia u>2f ^o] 120 km^^ ^ 

^ ^7> ^^Sl- ^^oll-^i ^Al^£7> ^}<^ «J-#^(ASE)^ 

7]- ^^}S\o] ^><g wj-^:^ jsi ^:g-til7> y^^^}7] ^^o]v]- , 

<95> a, £ 12^ (c)<^l M-B^--^ ti>fi^ ^o] ^<asl^ 7\<^ «J-#^(ASE)5] 

1550.92 nmS. ^^tb ^-^'HlS 120 km ^ ^-^17] ^£ ^l^E^^ ^^1* ^$<^lt^. 

^^S] 21-^^ ^ oj^ a^nV c>u|5^. ^].u|.o^ ;,].^ ^].i^o^ 

cf^o^ A^A^^ ^ ox^o] ^oi^t:^., 

<96> ^ «Vx^o11 tt]-^ ^flS^ y]^^ W]^>^A^ ^^oll Wl^ %^ S^^]7} -^tfl^ O. 

H £^ ^^l^^^l cf#«ol-^ ^^^]^] ^ 9X4r ^^^1 
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11 

^S>^^«j-^o)1 

<=l-§-t!: 2t-^J-€-^ ^-^^-g- ^S^^^c]-^. 



4^^^ ^<H^i. 
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Sflol^-] Cfol^co)] ^^^>J7, iflltiel-IJll^ Efl 

4] 

s^^J-^^ cf^^J-^i ^^^-8- ^€<H1 

tii^-^^^^ ^^E^^i ^^^>ji, ^^E^i- "un^^ %^ # 

^ %^^]^] 9i7}^^ si^^-B.^^ ^^ ^4^-11- 

^o)l ^7^^ 5flti5l-3Jll^ i]]o]7:\ c^ol^c^ o]-g-^ W^-g- 
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^J-7l A-l^BflolEiSl <d^5l^ ^^7lsq-; ^7] A^^eflolE^fif 

cfc)]^:^ A>o]oil o^:isl^ ^% u-l i^^H ^^^^ 7^^^ 

^1- ^1-^ ^<y^ al^-a^^ ^<H1 sl-^J- 3J|ltiel-3iil^ eflo]^-] 40]^ = ^ 

o]-g-^ sl-^j.^^ cf^^o^^ W^-§- 

[^^^J- 61 

^^^^ ^-i-tl-S- %€<^1 

^7] 3j)itte^-jj)i^ eflolxi cfol^cofl ^^^}jL, n^^-n^ 511 

^€ ^ Sj-^^ ^^7l«^l #^^>t:'^, ^7>5q^ 2i^^B.S.^ #^ ^Sj-^^l 
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[^^^J- 7] 

^<H^i , 

^ ^1-71 ^€b1<^1 #^*>C^, ^7>Sl^ ^^1- 2:^*>^^>^ #^ €2:^ 

%6\] s).;^- 5^_3ifl^ eflo]^-^ ti^o]^:^^ oi-g-^ 51}-^^-^^ cf^^j-^ ^-i-^-g- 



[^^^1- 8] 

^7] ^il-5fl«^lBl2^ #^^^1 "ii^S]^ ^^7121-; ^7] % ^^7]Si\. ^l^^-l^ 

^ ^]o]7;\ r]-o]^^ A\o]d\] <^^S\^ ^1^711- i^^}c^ ^t^^Sl ^n^.till- 7fl 

^1- 2}-^^^ 
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9] 

^^^^^ ^^^^ ^€<^1 5^^^^. 

IxN S-^S. ^ FSRCFree Spectral Range) ^S. cfl^^ol }^]^^ u] 

s. e1-^E-1oi]A-i <^^^s]^ ^^sl- #^*>^ ^i^efl-^lei; 

^-#51-^1-^ IxN ^^S. ^7.} s^^B]; ^ 
IxN £545- z^- %^ <a^£l<H ^'y^ ^'Hl 

N7flSl 7>:5l sl-^>^* T=l-^«o^^ ^#^-8- 

101 

^il-efl^lB^S] #^^oil ^^7ls1-; >^V7l ixN ^7]- Bl-fBl^q- N 

cfol^JE.^ ^Aj^ N7l]Sl 51)-^^ 2}-^^^ ^^""^^ W^-g- 
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[^^^J- 11] 

cf^^J-^ %^^-%r 9X<^^], 
IxN ^^S. ^7]- ^ FSRCFree Spectral Range) ^flS. cfl^-^o] ^Itb^ ti] 

^j-7l til^^^A^ ^^o] -^7] IxN Ssl-s. ^7.} ^^B\o\] o^^^VzL, IxN £31- 

S. ^7.} ^^B]ci\]A] ^^^1- #^2^1-^ % ^^71; 

oj^jBS] cf^Sl-^V^ IxN £4S. ^7]■ ^ 

ixN ^;^> el-fEi^ z]- cfo]] o^^slo^ «1:?>^^^ ^<^1 

N7fl5] sl-;^-^ 7>^ sl-^l-^^ ^-^^-g- 
[^^^J- 12] 

■^7] ^ ^^7]9] %n^c>\] ol^S)^ ^^7]s]-; ^7] ixN S^r}.^. ^;^> sI-^-eI 

^^S.^ ^^till- 71]^*]-^ ^^^S. *m Wl^^^^^ ^ofl 2)-^^ 3111 

:^Bl-3^1* 5fl<^l^-1 l=]-'^]-2.= S. N7fl5l Tx|.;g-^ 7].^ Cf^^j-^ ^ 
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[^^IJ- 13] 

#^^>fe ^-I^SflolEi; >^7l A^^eflolEiS^ ^^A]^^ ^4f^3^^>^ 
JESj-S. ^ 4^711^ ^^711- i^^>Jl, 

, ^ 7}'^7]-^d\]/<] ^-^^^Vfe IxN S.3\-S. Hl-fE^^ i^3^>D^, 

>a-7l 7><a^>^^ z^-z]- ^7] 7]^1^^ ixN ^;^> e1-?-Ei^ ^^ 

^7] 7l^l^oflA-l til^^^^^ ^<^1 ^^11 ^iS. 

t:!-^ 5Xl-^>^ ^^^1- #<y- 71^1^0.^ ^^^>^ ^^^^ % 

[^^^j- 141 

^1-71 ^<y- 7l^l^ofl ^^js]^ ^1-71 Ai^e^iojEis^ ^^7]^; ^ 

7l 71^1 ^oll ^^ISl^ ^7] IxN ^7.} ^7] 7}<U^m<^] ^^l^l^ N 
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s.-^^}^ ^^s^ i^wii- 7fl^^i-^ *m % ^^1. 



[^^^J- 151 

^^s]^ M« ^ ^^71; ^7] % ^^71 ^nf^sl- 

£21-5. Bl-^B^; ^ 1^1-^7115^ =^A]7ll: 3L^*}J1, 

^1-7] rf^^o^ 7><y;^>^^ z)-z]- ^7] 71^1-^^ ixN £3}-^ ^7]■ ^^^]$] %^ 

^7] 7l>^l^o1lAi ^^£1<>1 til^^^^^ ^'^ll ^-^^ ^iS. 

161 

^115*J-^1 Slol^-I, 

-^^71 ^<^^1- 7l^l^cHl ^^ISl^ >^V7l ^ :i^7l^ #^^<^1 ^^7lS!l-; 
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^H7ii- s.-^^}<=^ ^^^^ 7ii^^>^ ^^^s. ^ 



17] 

^7l #<y-7l^l-^^ ^]^^^^^ ^7l 7lxl^o1]A-1 o^^S]^ ^Cf 

^^^>^ ^7} ^ nf^7fls1 ^Ai7ll- if-^>^, 

^7] 71;^!^^ ^7l ^<y- 7l^l-^o]l ^^^-^^ IxN S.S^S. ^7,} 

IxN e|-^El61lAi <a^£l^ ^^:&» #^^H ^oj- 

^1-71 Cf^^ 7>^g;^>^^ Z^-Zj- ^71 7]7.]^^ IxN SSl-S. ^7} 9] ^^ 

^71 7]7]^C^]X] ^^EEj ^^Sl^H ^Ol^ tiRM^^^ 4^^- A-IS 

^^^^ ^^1 ^^51^ ^1^ 7]^d\]A^ #<y-7lxl^O.^ ^^51^ ^1-^ ^^71- ^ 

^el^^S>«] 511^ 511 o] "^^V^'Hl ^fl- ^^S^ ^Sl-^ #ol^ 
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[^^^J- 18] 

Aj.7l 71^1^011 ^d^]^^ ^y] ^i^sfl^lBi^] #^^ofl ^^i]^ ^^7l^; ^j- 

711 5^ eflol^-l ^o]^^ X[o]6]] £1^^, -^1-71 7><a^mofl ^^l^l^ Njfl^ 

^l<^7li- s^^H ^^wii- 7ll^*>^ 3r>^ ^ 

19] 

^oj. 71:^1-^, >C1^ 71^1^ Cl-^51 7><?]^mol ^^^^S <=^^ ^^^5]^ ^ 

^7] #<y-7i^i^^ wm^^^^ ^>7i ^1^ 7ixi^oiiA-i 

^^t}^ ^^S. ^ cl-^7ll2l ^Ai7l# S^^Vi, 

>a-7l ;^1^ 71^1^^ >^>7l ^<y- 7l;^l^ofl o^^^ %^^^9] IxN 

B^.^Ei<Hl -^I^^VJI, IxN :£3ll-S ^^1- B}^El<^lAl <y^£l^ ^^S* ^'y- 

7l^l-^<^l H cf^ M^S- ^^*>^ ^ 5}-^-l ^^7l; ^7] ^ ^^7M^•^ 

^7] ^^l-5l]olBloii #^s>^ ixN lEsj-s ^7]■ el-^Bll- 5L^*>^, 

7l-<a^>^^ Z^-Z^- ^V7l ^1^ 71^1^31 IxN S.^-S. ^7]■ 9] %^ 
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^^^^^ ^^Sl^ ^^^-6-^ ^1^ ^1^<^1^i #<y-7l;^1^0.S ^^Slfe ^^71- ^ 

^^1-^ ^^^^1- ^Blf-^^^ efl'^fill*^! ^^€<=H1 ^t!: 1^* ^<=>]^ 

201 

^1-71 ^1^ 7i^i^ofl ^ s]-^:] ;i^7i^ #^^<H1 ^^7lSl]-; 

^7l 7lxl^o11 IxN 2l-?-BlS^- ^V7l 7><a;^m611 ^^js]^ 

^l<H7l# 5L^^M 7^^^^ ^^1-^^ ^ 
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[H 11] 




1541 1545 1549 1553 
Wavelength length (nm) 



46-45 




1019990059923 



2000/9/2 



121 

BER(log) 

& A) da 6t ^ 



S 



o 



09 ° 



>o a 




. cr ^ K> 
^ o o 




• 9 

J 




o X 






T 

1 w/o 




injecti 




T 

on 



□ 

b 



3 



> O □ 

a* 4^ oo 

P O O K> 



- 1 

i:3 t 



=9f 
I ^ 



a* 



3 



5 



46-46 



